With the availability of international value added trade data it has become evident that gross export data and value added data do not provide the same information. Although gross exports crosses national borders and is the target of trade policy, value added data tell us what fragment in the production chain is internationally competitive in a particular country. With respect to comparative advantage the differences between the two types of data are often illustrated by means of examples using a single sector. In the Ricardian theory of comparative advantage, however, the position of a commodity versus all other commodities in a country determines whether or not a sector has a comparative (dis)-advantage. This implies that distributions of comparative advantage of all sectors should be compared and not just individual sectors. In this paper we determine the distributions of Revealed Comparative Advantage (RCA) in terms of gross exports and value added for 40 countries. A Systematic comparison of these distributions shows that the distributions of RCA calculated with gross exports and value added data are indeed significantly different from each other. After establishing these significant differences we use the Great Recession as an example to determine which RCA measure has the largest information content regarding the real economy. We find that RCA calculated with value added data is the most telling. JEL-Code: F100, F140, F600.
Introduction
Traditionally international trade is analyzed by using data on gross exports. This is the export that crosses national borders and is registered by custom officials. The assumption is that gross export flows provide sufficient information to analyze the structure of international trade and, for example, comparative advantage. As long as international fragmentation is limited gross exports indeed provide this information.
1 This, however, is no longer the case. International fragmentation of the production process has become a salient characteristic of the world economy and international trade flows no longer, or to a lesser extent than it used to be, reflect what a country is producing and exporting (see Brakman, Van Marrewijk, and Partridge, 2015 for some recent references). The export of a computer, for example, is in a fragmented world no longer reflecting the production of that computer from start to finish. The country involved might only contribute a (small) fragment of the production process, or in other words, add only a part of total value added of the final product (Johnson, 2014) . The analyses of the characteristics of international trade flows thus becomes more challenging. Furthermore, because the available data on fragmentation, in detail and coverage, are lagging behind gross export data we still have to develop a complete understanding of the issues involved.
This paper tries to contribute in this respect, and compares differences between Revealed
Comparative Advantage (RCA) based on gross export data and value added data. This difference is important because an analysis concerning the strength of a sector on the international market based on gross export data could lead to very different conclusions than an analysis in value added terms. In gross export terms China has, for example, a comparative advantage in computers, whereas in value added terms this is no longer the case and value added data indicate that China instead has a comparative advantage in assembly (Johnson, 2013) . Koopman et al. (2014) give examples how comparative 1 The process of fragmentation is known under different names. Richard Baldwin (2006) , f.i. has coined the term 'second unbundling'; 'second', as opposed to the 'first' unbundling that started in the 19 th century. The transport revolution of the 19 th century made is possible to spatially separate production from consumption with international trade as a result. The 'second unbundling' indicates that the production process itself is becoming spatially unbundled. Other terms are: vertical specialization, international fragmentation, or slicing-up-the-value chain.
advantage can turn into comparative disadvantage using RCA based on gross versus value added data. Furthermore, because these value-added chains cover many countries, trade frictions or business cycles that involve only a limited number of countries can have global consequences along the supply chain. It goes almost without saying that these difference are important from a policy perspective. The calculated welfare effects (in terms of real consumption) of a 40% worldwide tariff differ markedly in models with, or without intermediates. With intermediates the losses tend to be larger, this is because with intermediates single tariffs can affect the demand at all stages of production (all border crossings of intermediates are affected) rather than without intermediates, and so the global welfare effects are magnified (Costinot, and Rodriquez-Clare, 2014) Recent analyses of value added trade indicate that (Johnson, 2014; Johnson and Noguera, 2012) : the difference between value added exports and gross exports is increasing; gross exports of manufactures is larger than value added exports of manufactures; that these findings are different across countries and time, and that fragmentation is strong between nearby trading partners. Especially the fact that the difference between value added exports and gross exports is becoming larger over time increases the likelihood that RCA based on gross exports and value added exports lead to different conclusions (see also Timmer et al., 2013) . Although Timmer et al. (2013) calculate RCA based on value added data, but they do not analyze patterns of RCA in a systematic way, or compare RCA measures based on gross export data to those based on value added data. Koopman et al. (2014, p.491, Figure 2 ) inspect the differences between the two measures visually for two ISIC sectors in their sample, and show the potential differences. They, however, do not perform a statistical analysis for all commodities to determine the differences between the two measures over the complete RCA distribution of sectors. This paper tries to contribute in this respect, and shows that the measures differ significantly. Using examples, it is compelling to conclude that the two measures and the information they contain are different, this, however, still has to be decided on the basis of a systematic and statistical comparison of RCA distributions.
The set-up of this paper is as follows. In section 2 RCA is defined. Section 3 discusses the data-set which is based on the WIOD data. Section 4 analyses the distributions of RCA based on gross export data and value added data. Section 5 takes a closer look at strong and weak sectors as identified by the two measures of RCA. Although, most sectors are identified by both measures to be strong or weak, noticeable differences exist.
Section 6 shows that these differences might be very important. Using the example of the Great Recession, we show that unemployment changes after 2008 are best explained by RCAs based on value added data. Section 7 concludes
Revealed Comparative Advantage
The notion of Revealed Comparative Advantage (RCA) was first introduced by Liesner (1958) and operationalized by Balassa (1965) . It is widely used to identify a country's weak and strong export sectors. The RCA index is essentially a normalized export share (a country's exports in some sector as a fraction of national exports, divided by a group of reference countries's exports in that sector as a fraction of their total exports). When the RCA index exceeds unity, a comparative advantage is 'revealed' for the country in that particular sector. On average, about one third -in terms of gross exports -of all sectors have an RCA index above one, although this percentage varies considerably across countries (Hinloopen and van Marrewijk, 2001 ). Hillman (1980) discusses the sufficient conditions that make RCA consistent with the textbook case of comparative advantage. He concludes that RCA is consistent with comparative advantage 'if a country's exports of a particular good are simultaneously neither prominent in its total exports nor overly prominent in total world trade in that good (p. 321).' Interestingly, Hillman's (1980) discussion assumes that all value added is domestic (p.318), implying that his condition is more suitable for RCA in value added terms than in gross export terms. This is also the reason why Vollrath (1991) -after a survey of 10 RCA measuresprefers measures that correct for 'double counting', although his discussion is related to intra-industry analyses that dominated the trade literature in the 1980s and 1990s.
Formally, one can proceed as follows. Let
, country i is said to have a revealed (or observed) comparative advantage in the production of commodity j in time period t as its export share for product j is larger than the concomitant export share in the group of reference countries I . Equation (1) will be used throughout the paper to indicate RCA, however it will be applied to two different data-sets; gross exports, and value added exports.
Data: Gross Trade Flows and Value-added Trade Flows
The WIOD trade data identify 40 individual countries and a 'Rest of the World' (RoW) group of countries to characterize global trade flows in the period 1995-2009 (see Table   A1 in the Appendix). 2 The countries are the 27 countries of the EU (January 1, 2007), and: Australia, Brazil, Canada, China, India, Indonesia, Japan, Mexico, Russia, Taiwan, Turkey, and the USA. Together these countries represent about 85% of world GDP.
Furthermore, the data cover 35 sectors, and are constructed by combining national InputOutput tables with international trade data. , 1995-2009 Source: authors' calculations based on WIOD data compiled by Zhi Wang.
In general, there is only a limited difference if we look a the Top 10 trading countries from a value-added point of view compared to a gross flow point of view, see Figure 2 .
In fact, the order of the first seven countries is identical (with the UK, Japan, and the USA having somewhat higher shares in value-added terms). The Russian Federation is the only country in the Top 10 in value-added terms that does not also make it to the Top 10 in gross terms (which can to some extent be explained by the fact that they export 4 The exception is the rise in the ratio of value-added to gross trade flows in 2009 as a consequence of the Great Recession. This rise appears to be temporary only, see Brakman, van Marrewijk, and Partridge (2015) and Los, Timmer, and de Vries (2015) . The above observations on the Top 10 countries notwithstanding, there are substantial differences between countries regarding the ratio of value-added versus gross trade flows. This is illustrated in Figure 3 , where the countries are ranked from low-to-high value added / gross trade flows (in percentage terms). The size of the bubbles is proportional to the size of value-added trade flows, while the horizontal line depicts the median value for value-added / gross trade flows (equal to 71 percent). 
4.Revealed Comparative Advantage: analysis
Equation (1), defining RCA, is used throughout the paper. The analysis in this section focuses on two types of export flows, namely the regularly observed gross exports in a sector from a country to the rest of the world and an estimate of the actual value added export flows for that sector and country using the WIOD data. We thus discuss two sets of RCA measures, which we will refer to as RCA based on gross exports and value-added exports, respectively. In both cases the reference group is the world as a whole. The discussion in this section focuses on the distribution properties of the two sets of RCA measures for individual countries (excluding RoW and 3 sectors).
Here we are interested in comparing the entire distribution, instead of just a pairwise For both RCA measures we have observations for 32 sectors and 40 countries over a 15 year period (19,200 observations in total) . Figure 4 contrasts the distribution properties of RCA for gross exports with value-added exports for all these observations taken together.
7 Panel 4a depicts the cumulative distribution, which is S-shaped for valueadded export RCA and concave for gross export RCA. Panel 4b shows the density functions of the two distributions, which is more or less regularly hump-shaped for valueadded export RCA and almost monotonically declining (except for very small values) for gross export RCA. For reference purposes, the median value is also depicted in Figure 4 .
Note that the median is higher for value-added RCA (0.92) than for gross exports (0.76), 7 We realize that the observations for a sector and country in one year are not independent of those in another year, see also the discussion below. Figure 4 looks very similar in any individual year. in contrast to the mean, which is higher for gross export RCA (1.38) than for value-added RCA (1.06), see also Table 1 . See Tables A3 and A4 in the Appendix and the main text for construction details. Table 1 provides summary statistics for gross export RCA and value added RCA in three parts. Table 1a compares the two distributions as a whole. As illustrated by Figure 4 , the distribution of value added RCA is more concentrated than for gross exports since both its standard deviation and its maximum are much lower; as a consequence the mean and the median are much closer together for value added RCA than for gross export RCA.
Note that there is virtually no difference, however, regarding the share of sectors with a revealed comparative advantage ( > 1), which is about 40 percent in both cases. Table 1b reports the averages of the summary statistics per country, details of which are provided in Tables A3 and A4 in the Appendix. 8 The statistic is (of course) identical for the mean and virtually the same for the median. Note that the average maximum per country is substantially lower for gross export RCA than in Table 1a , but the same holds (even more so) for value added RCA, such that the relative difference is even bigger.
Again, the standard deviation is substantially lower for value added RCA.
Figure 5 Distribution of RCA summary statistics for individual countries, 1995-2009
Source: authors' calculations based on WIOD data compiled by Zhi Wang; distributions are based on data from Tables A3 and A4 , see there and the main text for details; range is in 20 equal intervals from zero to 1.05 times the maximum value of a summary statistic (for both gross exports and value added exports). Table 1c indicates to what extent our observations for the distributions as a whole or the averages per country also hold for individual countries. More specifically, it answers the question if a gross export RCA statistic in Table A3 in the Appendix is bigger than the equivalent value-added RCA statistic in Table A4 is about the same in the two distributions, it comes as no surprise that this share is higher for gross export RCA in about half the cases (for 18 countries, or 45 percent). In general, Table one indicates that RCAs in terms of value added show a less extreme distribution of relevant statistics for value added based RCAs than for gross export based RCAs. One interpretation is that in value added terms globalization is more intricate than in gross export terms; the supply chain involves many countries to some extent and many countries have a -relative modest -comparative advantage in a fragment of the chain.
The gross export statistics indicate a more extreme distribution of RCAs where some countries seem to dominate a specific sector. This observation is consistent with the first of five facts described by Johnson (2014) ; "World value added exports are equal to about 70-75 percent of gross exports today…" Gross exports are larger than value added exports and have the tendency to magnify differences resulting in a more spread out distribution of RCA values. Figure 5b shows the same for the median (although Turkey remains somewhat of an outlier for value added RCA), Figure 5c for the maximum and Figure 5d for the standard deviation (although in both cases Greece remains somewhat of an outlier for value added RCA). In short, it appears that the country distributions of value added RCA are much more similar than of gross export RCA.
Figure 6 Share of significantly different RCA country distributions, 1995-2009
Source: authors' calculations based on WIOD data compiled by Zhi Wang; a country's RCA distribution in any given year is compared to the distribution of each of the 39 other countries in that year; the null hypothesis is that the two distributions are the same; the HWM index is used for the comparison; countries are ranked from low to high in terms of number of rejections of null hypothesis averaged over all years.
The above observations might tempt one to conclude that value added RCA observations are more readily comparable between countries, unlike gross export RCA observations (see Hinloopen and van Marrewijk, 2001 , for evidence on the latter). However, 'have a good look at' is not testing, and a formal test is necessary. The null hypothesis is that the two sample distributions are drawn from the same underlying distribution. We tested the null hypothesis at the 10 percent significance level using the Harmonic Weighted Mass (HWM) index, see Hinloopen, Wagenvoort, and van Marrewijk (2012) . 9 The essence of this method is that the comparison of entire distributions is evaluated using ProbabilityProbability (PP) Plots. The surface area between the diagonal in this graph -which corresponds to the two distributions being drawn from the same distribution -and the actual distribution gives the required number; the larger the number, the larger the surface 9 As discussed by the authors, the HWM index coincides with the L 1 version of the Fisz-Cramèr-von Mises statistic for bilateral testing of continuous distributions with a symmetric number of observations. One could also analyse distributions with non-parametric methods, such as kernel estimates. Kernel estimates, however, are hard to interpret and more importantly hard to evaluate statistically, as one has to make ad hoc grid cell assumptions (see Dinardo and Tobias, 2001 ). are between the diagonal and the actual distribution and the larger the likelihood that the two distributions are drawn from different distributions.
We proceed in two steps. First we calculate the share of rejections for each country over the whole period 1995-2009 for which value added data are available. This rejection rate indicates that a country is different from other countries over the whole sample period.
From a comparative advantage perspective one expects this to be the case as countries are different and specialize according to country specific comparative advantage. Figure 6 summarizes the results by ordering the countries in terms of the number of rejections (rank order percentile Although we now know that the distributions of the two RCA measures are significantly different we do not know how the information they contain on strong and weak sectors is different. In the next section we address this topic.
Revealed strong and weak sectors
The ultimate purpose of calculating RCA indices is to determine which sectors are relatively 'strong' for some country (RCA > 1), and which sectors are relatively weak To identify the differences we have four possible sector classifications, as illustrated in Figure 7 . First, a sector may reveal to have a comparative advantage for both gross export RCA and value added RCA; we label this region strong -strong in Figure 7 . Second, and similarly, a sector may reveal to have a comparative disadvantage for both gross export RCA and value added RCA; we label this region weak -weak in Figure 7 . 12 If these were the only two outcomes observed empirically, it would not be important to distinguish between gross exports and value added trade flows for determining a country's strong and weak sectors. The two remaining possibilities thus arise if distinguishing between gross exports and value added flows actually is important. We will see below that this is actually the case for all 40 countries we analyze. Third, therefore, a sector may reveal to have a comparative disadvantage for gross exports and simultaneously a comparative advantage for value added trade; we label this region weak -strong in Figure 7 .
Apparently the strength and importance of these sectors for a particular country are underestimated when using gross export flows. Fourth, and finally, a sector may reveal to have a comparative advantage for gross exports and simultaneously a comparative disadvantage for value added trade; we label this region strong -weak in Figure 7 .
Apparently the strength and importance of these sectors for a particular country are overestimated when using gross export flows. Table 2 provides an overview of the sector classification for all countries in 2009.
Figure 7 Four possible sector classifications
Column (a) lists the number of strong -strong sectors out of a total of 32 sectors; the average is 10 sectors (31 percent), ranging from a minimum of 4 for South Korea to a maximum of 15 for Austria and Bulgaria. When we compare this information to the number of strong sectors using gross export RCA, which is provided in column (h) of Table 2 , we notice that the average number of strong sectors is 13 and that most of these sectors are confirmed to be strong sectors using value added RCA (namely on average 10 sectors, or 75 percent). The complement of the confirmed weak sectors are the weak -strong sectors, which are listed in column (c) of Table 2 ; the average number is 4 sectors (13 percent), ranging from a minimum of 1 for China, Spain, and Lithuania to a maximum of 8 for Finland.
Similarly, the complement of the confirmed strong sectors are the strong -weak sectors, which are listed in column (d) of Table 2 ; the average number is 3 sectors (9 percent), ranging from a minimum of 0 for Ireland and Luxembourg to a maximum of 8 for Romania. From the above we learn that Finland has no less than 8 sectors for which the strength is underestimated by gross export RCA and 2 sectors for which the streng is overestimated (see column (d) in Table 2 ), for a total of 10 'misclassified' sectors from a value added perspective (equal to 31 percent of all sectors). 13 Similarly, Romania has no less than 8 sectors for which the strength is overestimated by gross export RCA and 2 sectors for which the strength is underestimated, also for a total of 10 'misclassified' sectors from a value added perspective. The total number of misclassified sectors from a value added perspective is also 10 for Indonesia and Russia. The identification of strong and weak sectors based on gross export RCA is thus particularly difficult for those four countries (Finland, Romania, Indonesia, and Russia). It is somewhat less problematic for China, Cyprus, India, and the USA, which each have only 4 misclassified sectors from a value added perspective (13 percent of the number of sectors). On average the number of misclassified sectors from a value added perspective is 7 (22 percent of the number of sectors).
The last three columns of Table 2 show the number of strong sectors in a given country identified by value added (column (g), the sum of columns (a) and (c)), the number of strong sectors identified by gross exports (column (h), the sum of columns (a) and (d)), and the difference between the number of strong sectors as we go from RCA based on gross exports to value added trade (column (i), the difference between columns (g) and (h)). Note that there is no difference regarding the total number of identified strong sectors for gross exports and value added exports. These differences must of course be identified for each country for policy purposes, not knowing these discrepancies can result in policy errors. Below we give three examples that illustrate conclusion 3.
Country specific (mis-) classifications of strong and weak sectors
We want to illustrate the distribution of sectors for a country in a conceptual framework similar to Figure 7 which is also more or less the same for individual countries. 14 At the same time we want to illustrate the relative importance of a sector for the economy as a whole. We can achieve the second objective fairly easily by using a bubble diagram where the size of the bubbles are proportional to the sector's value added export share.
Achieving the first objective means we have to impose some country-specific The transformation maintains the ordering of observations and does not affect the identification of weak and strong sectors. The "0.1" value for weak sectors avoids cluttering of the diagram at the origin. The transformation for strong sectors scales up to the maximum observation, while the "1.2" value avoids cluttering of the diagram at (2,2).
We continue by discussing three specific examples for 2009 in sections 5a-c, and provide an overview for all countries in section 5d.
5a A 'standard' country: Germany
Germany represents a fairly 'standard' country, with 17 confirmed weak sectors (such as Electric & Optical) and 9 confirmed strong sectors (such as Chemicals, Machinery, and Transport Equipment), see Figure 8 . Two sectors switch from weak in gross export RCA 14 Note that RCA indices are bounded from below by 0, and unbounded from above, which makes the transformation useful. 15 Independently for gross export RCA and value added RCA.
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to strong in value added RCA, namely Health and Motor Sales. Four sectors make the opposite switch from strong to weak, namely Food, Construction, Wood, and Electricity.
Figure 8 Germany sector classification, 2009
Bubble size proportional to value added exports 5b A country with small differences: China
China represents a country with relatively small differences in identifying RCA using either gross exports or value added, with 17 confirmed weak sectors (such as Food and Transport Equipment) and 11 confirmed strong sectors (such as Textiles, Electric & Optical, Machinery, and Manufacturing), see Figure 9 . Only one sector (Basic Metals) switches from weak in gross exports to strong in value added and only three sectors (Hotels, Construction, and Wholesale Trade) make the opposite switch. Bubble size proportional to value added exports 5c A country with big differences: Indonesia Indonesia represents a country with big differences between RCA measured using gross exports and using value added exports. There are only 12 confirmed weak sectors (such as Machinery, Transport Equipment, and Electric & Optical) and 10 confirmed strong sectors (such as Hotels, Textiles, and Food), see Figure 10 . No less than 7 sectors switch from weak using gross export RCA to strong using value added RCA, namely Construction, Manufacturing, Electricity, Agriculture, Other Mineral, Basic Metals, and Health. In addition, three sectors make the oppositite switch from strong to weak, namely Publishing, Plastics, and Mining. Table 3 lists the sectors and countries that go from strong using gross export RCA to weak using value added RCA during at least 12 of the 15 years under consideration (80 percent). No less than 8 countries make the switch from strong towards weak for Wood, followed by 6 for Petroleum, and 5 for Electricity. In some sectors there is a clear geographic component to the switch, such as for Hotels (China, Japan, and Taiwan). For 11 sectors the switch is limited to only one country, while another 11 sectors are not listed at all in Table 3 . Table 4 lists the sectors and countries to go from weak using gross export RCA to strong using value added RCA during at least 12 of the 15 years under consideration. No less than 8 countries make the switch from weak to strong for three different sectors, namely Construction, Wholesale Trade, and Education, followed by 5 countries for Wood. For 7 sectors the switch is limited to only one country, while another 11 sectors are not listed at all in Table 4 . Combining the information from Tables 3 and 4 leads to the following:   16   16 Tables A5 and A6 in the Appendix provide an overview of confirmed strong and confirmed weak sectors. Interestingly, some countries turned out to be more resilient than others and it is tempting to relate the two measures of RCA to resilience; does one measure provide more relevant information to determine whether some countries are better able to cope with the trade collapse than others. We briefly look into this topic in this section. We will concentrate the discussion on the change in total unemployment, measured in percentage points as a measure of resilience.
17 17 We include 39 countries only as data for Taiwan is not available at the World Development Indicators. We also gathered information on GNI PPP and various other unemployment measures. Data availability is less complete for GNI PPP and for primary, secondary, and tertiary unemployment. Data is complete for youth, male, and female unemployment, but these measures are very similar to total unemployment. For these reasons we restrict attention in our discussion only to changes in total unemployment. The only meaningful information provided is whether a sector has a revealed comparative advantage ( > 1) or not. Rather than just using a dummy variable in our estimations we also take the information we have on the (value-added) size of a sector into consideration, which we denote ℎ for sector i in country j. Hypothesizing that the impact on the economy as measured by the change in unemployment is the opposite if a sector is identified as weak rather than strong and that this effect is proportional to the size of the sector, we define the variable to be +1 if a sector is strong (RCA>1) and -1 otherwise, see equation (2), leading to equation (3). Tables 5 and 6 list the estimated coefficients based on equation (3) using either grossexport based RCA (Table A7) or value-added RCA (Table A8 ). Clearly the share of the variance explained is much larger using value-added based RCA than gross-export RCA, both for the individual year effect and for the cumulative effect.
Panel 12b of Figure 12 shows the number of significant coefficients among the 32 sectors.
Again, this number is much higher for the value-added based RCA estimates than for the gross-export based RCA estimates. In this sense the value-added RCA is more informative about what is going on in the real economy and shows a closer connection to developments in the real economy, which is unemployment in our example. Recalling from Conclusion 3 that more than 75 percent of the sectors are either confirmed weak or confirmed strong, one realizes that the difference in performance between the valueadded and the gross-export based RCA estimates is caused by the less than 25 percent switching sectors, which suggest that the sectors identified by tables 3 and 4 dominate the economy in various countries in employment terms. significantly different from each other. After establishing these significant differences we use the Great Recession as an example to determine which RCA measure has the largest information content regarding the real economy. We find that RCA calculated with value added data is the most telling. The statistics are calculated for each country in every individual year; the values reported are the averages for the 15 years, except for median (which is the median) and maximum (which is the maximum); * the RCA>1 value is the average share of sectors with RCA>1 (% of total) The statistics are calculated for each country in every individual year; the values reported are the averages for the 15 years, except for median (which is the median) and maximum (which is the maximum); * the RCA>1 value is the average share of sectors with RCA>1 (in % of total) 
